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@ Process and apparatus for production of optical fiber preform. 

© Disclosed is a process of producing an opti- 
cal fiber preform having a step of charging a 
feedstock gas in an oxygen-hydrogen burner (2, 
61, and 102) via an electrode (3) and hydroiyzing 
the same in an oxygen-hydrogen flame (9) to 
produce particulates (7, 107) containing 
charged glass particulates and a step of blow- 
ing the charged particulates onto a target com- 
prised of a seed rod (1) or a soot body (1A) 
formed on the seed rod so as to cause them to 
deposit on the target and build up as a soot 
body (1A). Preferably, the process Includes the 
further step of reducing the magnitude of the 
charge of the particulates in the burner along 
with an increase of the diameter of the target 
which is formed. More preferably, the process 
also includes the further step of making the 
position racing the burner across the target an 
opposite polarity from the charging polarity of 
the particulates ejected from the burner so as to 
electrically attract the particulates ejected from 
the burner. 
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The present invention relates to a process and apparatus for the production of an optica) fiber preform 
used for the production of an optical fiber. 

A single mode optical fiber, for example, has a core of 1 0 um at its center and a cladding of an outer diameter 
of 1 25 ^ formed around the same. Such an optical fiber is produced by heating a porous optical fiber preform 
5 having a portion to become the core and a portion to become the cladding and drawing the same to the above- 
mentioned thickness (or diameter). 

As processes for production of a porous optical fiber preform, there are known, for example, the outer va- 
por deposition method (OVD method) and the vapor axial deposition method (VAD method). 

Here, a description wll be made of the process of production of a porous optical fiber preform common 
10 to the OVD method and VAD method. First, a starting preform comprised of the portion to become the core 
of the optical fiber or the portion to become the core with a portion to become part of the cladding formed 
around it is produced. This starting preform is glassif fed to produce a seed rod (or a starting rod). The seed 
rod is rotated as a target An oxygen-hydrogen burner is used to hydrolyze vapor of a feedstock gas such as 
Sid 4 in the oxygen-hydrogen flame to form particulates including glass particulates such as Si0 2 . The par- 
ts ticulates are blown from the oxygen-hydrogen burner to the rotating target to adhere to and deposit on the 
soot body to form the cladding on the target. The particulates are continued to be deposited on the deposited 
soot body from the oxygen-hydrogen burner until the soot body reaches a predetermined outer diameter. The 
seed rod with the predetermined outer diameter of a soot body formed on it is used as the porous optical fiber 
preform. 

20 The deposition yield of glass (SiOJ particulates on the target by this process of production of an optical 
fiber preform is about 20 to 40 percent (%) at most and the deposition speed is about 5 to 10 g/minute, so 
various processes have been proposed aimed at improving the deposition efficiency, improving the production 
efficiency, and reducing the production costs. Various processes have also been proposed for improving the 
quality of the porous optical fiber preform. 

25 Japanese Unexamined Published Patent Application No. 58-161936 discloses a process for production of 
an optical fiber preform by the OVD method wherein electrodes are laid in the seed rod along the axial center 
of the same, the seed rod or the soot body formed around the outside of the same is charged with a negative 
polarity, and the resultant static electricity Is used to improve the deposition rate of the glass particulates on 
the target This process, however, has the disadvantage that the holes made for laying the electrodes along 

30 the axial center of the seed rod remain in the optical fiber after the optical fiber preform is formed, heated, 
and drawn to produce the optical fiber. Further, in this process, when the outer diameter of the soot body be- 
comes larger, the soot body is charged from inside the seed rod, so when the outer diameter of the soot body 
becomes larger, the charge on the surface of the soot body falls and there is the problem that an optical fiber 
preform with a large outer diameter cannot be efficiently produced. 

55 Japanese Unexamined Published Patent Application No. 57-67038, Japanese Unexamined Published Pa- 
tent Application No. 58-217447, Japanese Unexamined Published Patent Application No. 58-217448, and Jap- 
anese Unexamined Published Patent Application No. 60-36341 disdose the OVD and VAD methods of the 
production of optical fiber preforms, similar to the above method. In particular, Japanese Unexamined Pub- 
lished Patent Application No. 58-217447 discloses the VAD method wherein a high DC voltage is applied to a 

40 flow of gas to charge the gas flow with negative ions, the negative ion gas is blown on the surface of the target 
to charge the target with a negative polarity, and the potential difference is used to cause glass particulates 
to deposit on the target Even with these processes, however, it is still not possible to achieve the desired im- 
provement of the deposition yield of glass particulates and the shortening of the production time. 

The process disclosed in Japanese Unexamined Published Patent Application No. 58-217447 further suf- 

45 fers from the problem explained below. When glass particulates and ion gas with an opposite polarity are blown 
on a target the flow of the glass particulates heading toward the target is obstructed by the flow of the Ion 
gas, so the deposition (yield) of glass particulates on the target falls. Ideally, the opposite polarity ion gas is 
supposed to cause the surface of the target to be charged to a polarity opposite to the glass particulates so 
that the glass particulates are drawn to the surface of the target where they are electrically neutralized, but 

so in practice a considerable portion ends up neutralized in the space between t he burner and the target and the 
effects hoped for cannot all be obtained. 

The object of the present invention is to provide a process for the production of an optical fiber preform 
which greatly improves the deposition of particulates including glass (SiOJ particulates on the target 
Another object of the present invention is to shorten the production time of an optical fiber preform and 

55 reduce its production costs. 

Astill further object of the present invention is to provide a process for production of an optical fiber preform 
by which the actually usable portion is increased. 

A stai further object of the present invention is to improve the quality of an optical fiber preform. 
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A st I further object of the present invention is to previde en epparetus for the production of an optical 
fiberpreform forworklng the above-mentioned process of production of an optical fiber preform 

Therefore, according to a first aspect of the present invention, there is provided a process of producino 
an opt,calf,ber preform provided with the steps of: hydrolyzmge feedstock gas^ 
i charging the particulates including glass particuiates produced aa a result and blowingTsamZ a tare* 

rc^thT^dr 9 m a a 8001 formed on ,he rod * ,hereby *** 

.f 8 ! h f r th0d ** ° ha,Sin9 the particulates - there «"> two ™*hods; one method being carried out bv in- 

' flas J*™ passes throuoh the ^ide of the burner, and ejecting particulates in the above charged state to- 

er in an uncharged state and charging the particulates while they are heading toward the target by passing 
them through electrodes to which a high voltage Is applied. °y passing 

Since charged particulates are blown on the target, the particulates deposit on the target eff ieiently 

Preferably there is further provided a step of reducing the magnitude of the charge of the feedstock gas 
at the burner along with the increase of the diameter ofthe taroet This eneblea the density of the soot body 
in the diametrical direction to be made uniform. y 

More preferably, there ia further provided a step of making the positionfacingtheburneracroaathe target 
^^^"thepatar^orttoelwse ofthe particulates and electrically attracting the particulates 
ejected fromthe burner. This enables the deposition of the particulates on the target to be further improved 

More preferably, there is further provided a step of clearing the charge from the target If the taroet is 
charged by the particulates, the deposition rate of the new particulates falls, so the charge is cleared so as 
to ensure the effect of attraction of the static electricity continues. 

„. a o^ ,0r ^!'^ e . rably • l H ere ' 8 Pr ° Vided B 9tBp ° f reducin9 the humidit y «* « he atmosphere in which the 
glass particulates are deposited on the target along with the deposition ofthe glass particulates on the target 
If the humidity nses. the rate of deposition of the particulates on the target falls, so this is prevented 

.„„ w erH ^' S, th8 J?? Whe,B the *»* and the burner "* made to rela «vo to each other in the 

ongitudinal direction of the target and the target is made to rotate In the direction perpendicular to the long" 
todinal direction of the taroet before blowing the charged glass particulates ejected from the burner to the 

.k a ." ° PP0Site P ° lan ' ty 83 the * Char9i " 9 * th0 9 ,ass Particulates are blown on 
the target to charge the target to the opposite polarity. Since the target is charged to an opposite polarity as 
the particulates in advance by the ions, the rate of deposition of the particulates on the target is improved 

™£Z PTeleTabiy ^ th J ! UrfaCe POtential ° f th ° tar ° 6t " mea8ured and the amou "t of ejection of the ions is 
controlledin response to the measured surface potential or the amount of feedstock gas introduced to the burn- 
er is controlled in response to the measured surface potential. 

More preferably, the amount of deposition of the glass particulates on the taroet at the ends ofthe taroet 
« increased. This enables the unusable portions at the ends to be reduced. As the method for increasing the 

STS^^ 1? * h ^f ^ th ° ,a,^ • t • <a) the a^,0un, ^ cha, « ln 8 ^ the ^«««tock gas at the enSs of 
the target is increased or (b) the amounts of supply of the hydrogen gas and oxygen gas at the ends of the 
target are increased. 

i„ .h-?^r!,? rab, ^ he ^ WherB the tar " t and the burn6r « to traverse relative to each other 
in the longitudinal direction of the target and the target is made to rotate in the direction perpendicular to the 
long.tud.nal direction ofthe taiget, the charging of the feedstock gas in the burner is made alternately different 
in polanty in synchronization with the traverse motion and glass particulates charged with alternate polarities 
jn synchronization with the traverse motion are blown on the taroet This enables the surface of the target to 

L t? h V TSf ?° ,arity part,cu,atea to be dap osited on the taroet charged with different polar- 
rt.esjte the method for charg.ng, (1) the glass particulates are charged by chaiging them for a first predeter- 
mined time to a positive polarity, not charging them for a second predetermined time, and charging them for 
a third predetermined time to a negative polarity and cyclically repeating these first to third predetermined 
times or (2) the glass particulates are charged by chaiging them tor a first predetermined time to a positive 
polanty and chargmg them for a second predetermined time to a negative polarity and cyclically repeating 
these first and second predetermined times. * 
... F "J 8r - aoco **« to ,he P resem inve "tion. there Is also provided a process of producing of an optical 
fiber preform by the VAD method wherein the amount of carrier gas ia adjusted to adjust the refractive index 
of the portion to become the seed rod. 

In the present invention, it is possible to suitably combine the above-mentioned methods 

Preferably, the amount of carrier gas ia adjusted so as to Increase the same along with the elapse of time 

More preferably, when ejecting particulates including glass particulates from a burner in which feedstock 
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gas is introduced and hydrdyzed to eject particulates to form a soot body, the particulates are charged. 

Further, according to the present Invention, there is provided an apparatus for working the process for 
producing an optical fiber preform mentioned above. 

The above objects and features and other objects and features will become clearer by the description of 
5 embodiments of the present invention explained with reference to the attached drawings, in which: 

Fig. 1 is a graph illustrating the relationship between the amount of deposition per unit time and density 

of glass (SIOJ particulates on a target during the production of an optical fiber preform; 

Fig. 2 is a constitutional view of a first embodiment of an apparatus for the production of an optical fiber 

preform of the present invention; 
10 Fig. 3 is a graph of the relationship between the applied voltage and the amount of deposition of glass 

particulates in a first embodiment of a process for the production of an optical fiber preform of the present 

invention; 

Fig. 4 is a graph of the relationship between the radius of an optical fiber preform and the density of the 
optical fiber preform in the first embodiment of a process of production of an optical fiber preform of the 

is present invention; 

Fig. 5 Is a graph of the relationship between the radius of an optical fiber preform and the applied voltage 
in the first embodiment of a process of production of an optical fiber preform of the present invention; 
Fig. 6 is a graph of the relationship between the radius of an optical fiber preform and the amount of de- 
position of glass particulates in the first embodiment of a process of production of an optical fiber preform 

20 of the present invention; 

Fig. 7 is a constituent view of a second embodiment of an apparatus for the production of an optical fiber 
preform of the present invention; Fig. 8 is a constituent view of an electrode illustrated in Fig. 7; 
Fig. 9 is a graph of the relationship of the humidity and amount of deposition of glass particulates in a 
second embodiment of a process for production of an optical fiber preform of the present invention; 

25 Figs. 10a and 10b are constituent views of modifications of the second embodiment of an apparatus for 
production of an optical fiber preform of the present invention; 

Fig. 11 is a constituent view of another modification of the second embodiment of the apparatus for pro- 
duction of an optical fiber preform of the present invention; 

Fig. 12 is a graph of the amount of deposition of glass particulates according to the process of production 
30 of an optical fiber preform of the present invention; 

Fig. 1 3 is a constituent view of a third embodiment of the apparatus for production of an optical f iber pre- 
form of the present invention; 

Fig. 1 4 is a graph of the relationship between the feedstock and current in a third embodiment of a process 
for the production of an optical fiber preform of the present invention; 
35 Fig. 15 is a graph of the relationship between the elapsed time and current with respect to changes in the 
amount of carrier gas; 

Fig. 16 is a view of an arrangement for verifying the experimental results of the third embodiment of an 
apparatus for production of an optical fiber preform of the present invention; 

Fig. 17 is a graph of the relationship between the position in the apparatus for production of an optical 
40 fiber preform shown in Fig. 16 and the amount of deposition of glass particulates; 

Fig. 18a is a graph of the results of a conventional process for production of an optical fiber preform and 
Fig. 18b is a graph of the results of a process for production of an optical fiber preform according to the 
third embodiment of the present invention; 

Fig. 19 isa constituent view of another modification of the third embodiment of an apparatus for production 
45 of an optical fiber preform of the present invention; 

Fig. 20 is a graph of the changes in current with respect to changes in the valve opening in the third em- 
bodiment of the present invention; 

Fig. 21 is a graph of the changes in current with respect to changes in time in the third embodiment of 
the present invention; 

so Fig. 22 is a graph of the changes in flow with respect to the changes in time in the third embodiment of 
the present invention; 

Fig. 23 is a constituent view of a fourth embodiment of an apparatus for production of an optical fiber pre- 
form of the present invention; 

Fig. 24 is a constituent view of a modification of the fourth embodiment of an apparatus for production of 
55 an optical fiber preform of the present invention; 

Fig. 25 is a constituent view of another modification of the fourth embodiment of an apparatus for produc- 
tion of an optical fiber preform of the present invention; 

Fig. 26 is a constituent view of still another modification of the fourth embodiment of an apparatus for pn> 
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auction of an optical fiber preform of the present invention- 

«2h^l a n ?!S ° f re,a ; i0 "!^ between «» P«Won in the target and the applied voltage in a fifth 
embodiment of the process for production of an optical fiber preform of the present invention 
F« 29 is a graph of the relationship between the position of the target and the amounts <rf Application of 

prcZi^^ 

Fig. 30 is a graph of the relationship between the applied voltage and the amount of deoosition at 
pa^ 

Fi9 " 3 l te ,!J Mn8tlt i ,ent Vi6W ° f 8 modif,catton <* «"e fifth embodiment of an apparatus tor production of 
an optical fiber preform of the present invention; Production of 

32 is a graph of the relationship between the position in the target and the applied voltage in an em- 
S;,^,l a ? raph * ,hB " J,ation8h, P betwecn 'he elapse of time and the amount of deposition of glass 

FIRST EMBODIMENT 

The first embodiment of the present invention will now be explained. 

Referring to Fig. 1. an explanation will be given of the relationship between the amount w of class fSiO ) 
peculates depos ted on the target per unit time end the preform density fi of the opSllto * 

SET? M oxyflen-hydrogen burner on the surface of the optical fiber preform gradually beconl** 
sufflcientaatheamountwof deposition of the glass particulates perunittlme becomes greater J tl^aZb 
of oxygen andhydrogen are increased ^ttrnW^prnmndt^l^n^thtt^Z^!!^ 
arge as shown by the curve CV2. That is. as the formation of the soot body forming LS SSSS 
the radius r of the optical fiber preform Increases, the surface area ofZpreform beS ameTa^dS 

^ a "^ lh **"^'ncr«»ing action ofthe heat «»atmert by the oxygeri-hydn.flen burner on the aSai 

S S2SL f f^T, beC ° me8 in8Uff fcfent aton ° -* the of the oute le£ * 

the op leal fiber preform. Along with the increase of the outer diameter of the optical fiber preform d^ tot he 
depos, ion of the glass particulates, the density of the optical fiber preform in the dJZKdbMta ot£ 

3 ^ "£° high • deh y dro 9 ena «°" possible at the time of glassLtion and 

' ;, 11 beC ° me8 ""P 088 '" 6 to ™i"toin the contour shape of the optical fiber preform. 
The first embodiment provides a process and apparatus for restraining changes in density of the ootteal 

"ts; sets? d r ion and produdn9 an ° ptfcai f,ber ^ m « «ss £5* 

OVD rh!r2 ^ apparatus for production of an optical fiber preform according to the 

OVD method as the first embodiment of the present invention. 

This apparatus for production of an optical fiber preform produces an optical fiber preform which is coro- 
pnsed ofthe core oftheopticalfiberaloneor the portion to become the core and paZtneXil to te/Z 
thedaddingformedaround the same and is obtained by usinga^nsparentg^ 
1 as a target and forming the portion to become the cladding on the seed roc ( ^ } 

dirJTlSSt^^ 

dmect.onR about the axial center ofthe same in a reaction vessel 10 in a horizontal state. An oxygen-hydrogen 
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burner 2 is placed feeing the outer periphery of the seed rod 1. The oxygen- hydrogen burner 2 is of a three- 
pipe construction comprised of a combination of an inner pipe 2a, an intermediate pipe 2b, and an outer pipe 
2c in a concentric cylindrical arrangement (coaxial form). The feedstock gas, Ar + SiCU, is supplied to the inner 
pipe 2a from a feedstock gas insertion port 22. H 2 gas is supplied to the intermediate pipe 2b through a hy- 
5 drogen insertion port 23. 02 gas is supplied to the outer pipe 2c through an oxygen insertion port 24. 

In the inner pipe 2a, an electrode 3 is disposed in a concentric cylindrical arrangement with the pipes 2a 
to 2c. The base end of the inner pipe 2a is insulated and supported by an insulating sealing material 4. The 
front end of the electrode 3 is made to approach the front end of the oxygen-hydrogen burner 2. The electrode 
3 is connected to the positive electrode of a DC high voltage power source 6 through an ammeter 5. The neg- 
ro ative electrode of the DC high voltage power source 6 is grounded. 

The inventors used this apparatus and performed the following experiments so as to study the effects of 
accelerating glass (SiO^ particulates by a DC electric field. 

(A) Experiment to Investigate Applied Voltage and Amount of Deposition of Particulates Per Unit Time 

A seed rod 1 of an initial outer diameter of 20 mm end a length of 1 m was rotated at a rotational speed 
of approximately 300 rpm and was made to traverse to the left and right A and B at a speed of 500 mm/min. 
Glass particulates 7 were made to deposit on the outer periphery of the seed rod 1 untl an outer diameter of 
150 mm or so to produce the optical fiber preform 8. 
20 As a first experiment in the f tret embodiment, the oxygen-hydrogen burner 2 was supplied with oxygen at 
a rate of 30 SLM, hydrogen at a rate of 80 SLM, argon at a rate of 20 SLM, and SiCI 2 at a rate of 10 SLM. At 
the center of the oxygen-hydrogen burner 2 was inserted a tungsten high voltage electrode 3 of an outer di- 
ameter of 1.6 mm to a distance 3 mm inside from the front end of the oxygen-hydrogen burner 2. A DC high 
voltage of a positive polarity was applied from the DC high voltage power source 6. 
25 The curve CV3 of Fig. 3 shows the relationship of the amount w of deposition of glass particulates 7 on 
the seed rod 1 per unit time at voltages of 10 kV and 20 kV applied to the electrode 3 with constant amounts 
of supply of the feedstock gas. 

As clear from the curve CV3 of Fig. 3, the amount of deposit ton of the glass particulates 7 increased as 
the voltage applied to the electrode 3 was raised. As opposed to the use of a conventional average amount 
30 of deposition of 1 0 g/min using a high voltage, it was confirmed that the amount of deposition of particulates 
increased to about 2.5 times that of the conventional amount with application of a voltage of 20 kV. This was 
due to the fact that in the case of the present embodiment, the glass particulates 7 produced in the flame 9 
of the oxygen-hydrogen burner 2 used were charged with a positive polarity and the glass particulates 7 were 
accelerated by the electric field caused by the positive polarity DC high voltage of the electrode 3 in the oxygen- 
35 hydrogen burner 2 and were deposited on the seed rod 1 or the soot body 1 A formed on the same. 

When a negative polarity voltage was applied to the electrode 3, the amount of deposition of the glass 
particulates 7 conversely decreased in the case of the feedstock gas of the present embodiment 

At the back surface of the optical fiber preform 8 seen from the oxygen-hydrogen burner 2 side, an earth 
or negative electrode plate 11 was disposed. By concentrating the high voltage electric field, the amount of 
40 deposition of the glass particulates 7 could be further increased. The curve CV4 in Fig. 3 shows the amount 
of deposition of the glass particulates 7 when disposing a negative polarity electrode plate 11 given a voltage 
of -10 kV at the back surface of the optical fiber preform 8 seen from the oxygen-hydrogen burner 2 side. 

Note that the electrode 3 provided in the oxygen-hydrogen burner 2 need not be provided in the center 
of the burner 2, but may be also provided at another layer or at the outer circumference. Placing the electrode 
45 3 inside the flame 9 formed by the oxygen-hydrogen burner 2, however, is not preferable in that the high tem- 
perature flame 9 is liable to damage the electrode 3 or metal components are liable to become mixed in the 
optical fiber preform 8. If these problems can be solved, the electrode 3 may also be disposed in the flame 
9. Further, the shape of the electrode 3 is not particularly critical, but preferably the front end is not pointed 
so as to prevent discharge of sparks. 
so The glass particulates 7 were positively charged, so the amount of deposition dropped when a negative 
polarity voltage was applied to the electrode 3, but when the glass particulates are negatively charged, a neg- 
ative voltage may be applied to the electrode 3. 

(B) Experiment to Investigate Change of Density of Optical Fiber Preform 8 With Respect to Change of Ap- 
55 plied Voltage 

As a second experiment in the first embodiment, it was attempted to raise the amount w of deposition of 
glass particulates per unit time and make the preform density in the radial direction constant First, the amounts 
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15 



of oxygen and hydrogen were increased to raise the temperature of the flame 9. When an optical fiber preform 
IZ"? 88 C0ndit ' 0n3, " l8arned "* the ^ d ™«> baca ™ ^ - shoTby 
Therefore, as shown in Fig. 5. the voltage applied to the electrode 3 provided in the oxygen-hydrogen burn- 
er 2 was gradual* lowered from 20 kV to 2 kV. As a result, as shown by the curve CVginRg TS amo^m 

11TT> 1 9 J 88 P f? ateS PW Un " lime the ^erof the preform was sm^ 
than he 20 g/m.n shown by the curve CV8. more than m the past. The amount w of deposition of glassT 

a a P a '^^'^'^' a d ' d not change greatly along with the incxease of the diametw of the preform a result. 

JdeZ EI" T CV7 in F,fl - 4 - * P0S8lb,e to produce an ^ f,bar p"*™ » SUSSES 

SLtS!?T UPP ^ "f ^ ,imit a " d SUb8tentia,ly COn8tant in the direc,ion °» ha radius 7o^ 
the preform. Further, s.nce the glass particulates were accelerated by application of a high voltage to the efec- 

a^lVofTT °? 8 "xr"* 01 ,he pfe8ent ,nvent,on ^ 23 A - 322 * S 

average of the conventional amount of deposition of 10 g/min and the total amount of deposition alsoincreased 
ZTT- ^ 4 Sh<W8 ,hB C ° nVenti0nal «*■—*■■ m whSe^e L7<SJ££ 
2 we™ l^e^S.^ 8 am0Unt8 01 MTO9en SUPp,i8d 10 tha <>^nydrogen burner 

9 8 .f r^ ,ateS 81 ""^ 2 sida « ™ d ° 'o fall along with an kl 
^etfthe outer d.a^ 

20 optical fiber preform 1A increases along with the deposition of the glass particulates there to Tlonoer an! 
remarkawe^ 

fore even rf the outer diameter of the optical fiber preform increases along with the 25. 

25 recJoT Ch8n9e8 ^ * ,he ° P, ' Cal f ' ber preferm in ,he diamaWca ' " 

Therefore, according to the first embodiment of the present invention, it is possible to easily produce an 
optical fiber preform with little change in density in the diametrical direction 

celerld h8 w' tnrl ST? " ^ burner and the particulates are ao 

celerated by a DC electnc f .eld caused by application of a DC voltage to the electrode, it is possible to restrain 

The above-mentioned first embodiment showed an optical fiber preform for producing a single mode oot- 
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A second embodiment of the present invention will now be explained 

of l^l^lT^^ T BS ,h8 P !! blem * the reS ' dUal h ° les the optteal ' iber at tha dra *1"9 s'«P 
finlS p ST,"! ? roCeSS * Pr0dUCti0n ° f 80 oplical fiber P^ orm disctosed i" ^panese Un- 
exam.ned Publ.shed Patent Application No. 58-161936 and the problem of peeling and cracking due to the 

S-ZT-", f P08iti m 0(9,888 (Si0d ParliCU,ateS ,he ^ production °< a " optJSer p^ 
SLfft?!! Jo . Pan ! Se Unexamined Published Pat enf Application No. 57-67038 and Japanese Unexa- 
mined Published Patent Application No. 58-21 7448. 

th. "Tk 8h ° W,n l ,He ~" 8truction * an -PP"*" «» Paction of an optical fiber preform by 

the OVD method in the second embodiment. The apparatus for production of an optical fiber preform in the 
same way as shown in Fig. 2. rotates and causes to .reverse a seed rod 1 in a reaction vessel 10 A ^o body 

nZSZiTS*^** 1 AfiVe - piPe °^ an -^ a " 2A and a chargi^S 

31 are disposed in the reaction vessel 10 et positions opposing each other across the soot body 1A The five- 
pipe oxygen-hydrogen burner 2A is supplied with 0, gas from an oxygen supply source 18. is supplied with 

luSShV*^ 8UPP ' y 8 ° Urce 19> 18 8UPP ' ,ed Wtth SK5, < a to«tetock supply source 20. and is 
supp lied with Ar gas from an argon gas supply source 21. An electrode 3A is disposed in the flame 9A between 

£22 ipe ,r 9 ^ hyd,0g6fl bUrnef and the 88ad rad1 ^ ^connected™ £22^ 

abve polanty h gh voltage DC power source 12 is connected tothe nozzle electrode. A charge-clearing nozzle 
3to isposedinsidethereectionvessellO. while en AC power sour^ 14 is connected to tKan,7dX 
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Regarding the relationship of disposition of the charging nozzle 31 , five-pipe oxygen-hydrogen burner 2A, 
and charge-dearing nozzle 13, the charge nozzle 31, five-pipe oxygen-hydrogen burner 2A, and charge- 
clearing nozzle 13 are disposed about the seed rod 1 in the direction of rotation of the seed rod 1. 

Inside the reaction vessel 10. a humidity sensor 15, a dehumidifter 16, and an outer diameter measuring 
5 instrument 17 are disposed. A waste (discharge) tube 60 is provided at the rear side of the charging nozzle 
31. 

As a first experiment of the second embodiment, the electrode 3A was disposed at a position 5 mm from 
the five-pipe oxygen-hydrogen burner 4 of an outer diameter of 20 mm. A +5 kV DC voltage was applied from 
the DC power source 6A. A seed rod 1 of a diameter of 30 mm was placed horizontally at a position 100 mm 

10 from the burner 2A and was rotated about its axial center at 200 rpm. A DC voltage of -5 kV was applied from 
the DC power source 12 to the electrode 24 inside the charging nozzle 31 at the rear side of the seed rod 1 
seen from the burner 2A side. Argon gas was blown from the charging nozzle 31 to the seed rod 1 at a rate 
of 10 1 /min. An AC voltage of 200V AC and 50 Hz was applied from the AC power source 14 to the electrode 
of the charge-dearing nozzle 13 disposed adjacent to the charging nozzle 31 Argon gas was blown from the 

1 5 charge-clearing nozzle 1 3 to the seed rod 1 at a rate of 5 SLM. 

The humidity in the reaction vessel 10 was detected by the humidity sensor 15 and the detection signal 
was given to the dehumidifier 16 to maintain the inside of the reaction vessel 10 to 50 to 60 percent (%). 

To maintain the distance between the surface of the optical fiber preform (soot body) 1 A formed by the 
deposition and accumulation of the glass particulates 7, the charging nozzle 31 , the burner 2A, and the charge- 

20 clearing nozzle 13 constant, the surface position of the optical fiber preform lAduring growth was detected 
by the outer diameter measuring instrument 1 7 and the signal was fed back to an actuator, not shown, driving 
the charging nozzle 31, burner 2A, and charge-clearing nozzle 13. 

Si02 particulates were produced in an oxygen-hydrogen flame 9A under conditions of a bubble tempera- 
ture of the SiCU of 50°C, 2 1 /min of carrier Ar gas, 14 ( /min of H 2 gas, 6 P/min of sealing Ar gas, and 15 f/min 

25 of 0 2 gas. The particulates were made to deposit on the seed rod 1 to produce an optical fiber preform 1 A At 
this time, 15 grams were deposited in one minute (38 % deposition efficiency). Further, regarding the surface 
state of the optical fiber preform 1 A, no unevenness, cracks, etc. were seen and the state was therefore ex- 
cellent. 

If the burner side electrode 3A was not used as in the past, 10 grams were deposited in a minute (25% 
30 deposition efficiency) under the same gas conditions as mentioned above. 

On the other hand, when the charge-clearing nozzle 31 was not used, 8 grams were deposited in a minute 
(20% deposition efficiency) under the same gas conditions as mentioned above. 

Figure 8 shows a specific example of the construction of the above-mentioned charging nozzle 31. The 
charging nozzle 31 is constructed with a nozzle electrode 24 disposed coaxially about a cylindrical nozzle body 
35 23, to which a nozzle body 23 is supplied Ar gas from the argon gas 21 and to which a nozzle electrode 24 is 
applied a DC voltage from the DC power source 12. Note that the gas supplied to the nozzle body 23 may be, 
in addition to Ar gas, He gas, N 2 gas, or other inert gases. The flame may be obtained by burning hydrogen, 
hydrocarbons, etc 

The nozzle body 23 of the charging nozzle 31 is not electrically grounded. The nozzle body 23 may also 
40 be formed by an electrically insulating material. 

When the relationship of the humidity inside the reaction vessel 10 and the amount w of deposition of the 
glass particulates 7 was investigated, the results shown in Fig. 9 were obtained. As clear from Fig. 9, the lower 
the humidity inside the reaction vessel 10 becomes, the more the amount of deposition of glass particulates 
7 on the soot body 1 A increases. Therefore, by sending in dry air inside the reaction vessel 10, it is possible 
45 to obtain even better results in the face of an increase of the amount of deposition of the glass particulates 7. 
As a second experiment, as shown in Fig. 1 0A and Fig. 10B, a wire electrode 24a was used instead of the 
charging nozzle 31 and a grounded needle 25 was used instead of the charge-clearing nozzle 13. ADC voltage 
of -5 kV was applied to the wire electrode 24, but otherwise the same conditions were used as in the embodi- 
ment shown in Fig. 7 to produce Si0 2 particulates 7 and cause them to deposit on the seed rod 1, whereupon 
50 1 3 grams were deposited in a minute (33% deposition efficiency). The surface state of the optical fiber preform 
1A was also excellent 

In this case, the glass particulates 7 deposited on the wire electrode 24a as well, so to prevent a reduction 
of the effect of the static electricity, a wire electrode feed apparatus 26 was provided so as to continuously 
feed bare wire electrode 24a to the optical fiber preform 1 A 
55 As a third experiment, as shown in Fig. 11, instead of the charge-clearing nozzle 13, the housing of the 
metallic sub-burner 27 was electrically grounded. The sub-burner 27 was connected to an oxygen source 18 
and a hydrogen source 19 and an oxygen-hydrogen flame (H2: 2 f/mln, O2: 11 ?/mIn) was ejected from the 
sub-burner 27 and blown onto the seed rod 1. Using other conditions the same as in the experiment shown 
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in Fig. 7, 1 3 grams were deposited in a minute (33% deposition efficiency) and the surface state of the optical 
fiber preform 1 A was excellent The density of the resultant optical fiber preform 1 A was greater than the case 
of the experiments mentioned with reference to Fig. 7 and figs. 10A and 10B. 

Figure 12 is a graph showing a comparison of the amount of deposition of glass particulates and the de- 

5 position efficiency of an example of the prior art where no electrode Is used and the above first to third ex- 
periments. The humidity inside the reaction vessels in these cases was 55 percent (%). 

As explained above, according to the second embodiment of the present invention, since an electrode of 
a polarity electrically attracting the glass particulates, for example, a charging nozzle, is disposed at the rear 
side of the seed rod as seen from the burner side and the electrode is used to converge the glass particulates 

10 and deposit them on the seed rod, it is possible to make the glass particulates deposit on the seed rod effi- 
ciently without making holes in the seed rod. 

Further, according to the second embodiment of the present invention, since the glass particulates are 
made to deposit on the optical fiber preform while clearing the charge from the optical fiber preform, it is pos- 
sible to produce the same without cracks arising in the optical fiber preform due to static electricity. 

is Still further, according to the second embodiment of the present invention, by controlling the humidity in- 
side the reaction vessel accommodating the seed rod, it is possible to produce an optical fiber preform while 
stabilizing the action due to the static electricity. 

THIRD EMBODIMENT 

20 

A third embodiment of the present invention will now be explained. 

The third embodiment relates to a process and apparatus for the production of an optical fiber preform 
which enables the production of an optical fiber preform having a uniform distribution of refractive index 

The amount and distribution of the particulates depositing on the target change due to various factors such 
25 as the shape of the burner flame and the temperature of the preform surface. Up to now, production of a stable 
level of optical fiber preforms has been realized by studying the above various factors, but when controlling 
the distribution of the refractive index In the VAD method, there is some fluctuation, though slight, in the quality 
caused by the fluctuation In the feedstock gas eta The control of the feedstock gas In this conventional method 
was generally by the bubbling method, wherein a carrier gas controlled in amount of flow by a mass flow con- 
30 (roller is blown into the feedstock solution in the temperature-controlled tank and is carried to the burner. In 
this conventional method, however, the stability ends up determined by the control of the flow of the carrier 
gas and tank temperature at locations extremely far from the burner. There are the problems that the amount 
of the glass particulates generated at the burner is not ensured and a stable distribution of the refractive index 
is not obtained. 

35 The third embodiment provides an optical fiber preform enabling a stable distribution of the refractive index 
to be obtained. 

An embodiment in the case of the VAD method is explained. In the VAD method, as shown in Fig. 1 3, the 
seed rod 201 inserted into the reaction vessel (not shown) is lifted up while being rotated, core-use glass par- 
ticulates comprised of S\Q 2 and Ge02 and cladding-use glass particulates comprised of Si(>2 alone, formed 
40 in the flame at the front ends of the core burner 202 and the cladding burner 203, are made to deposit on the 
seed rod 201 , and thus a porous optical fiber preform 204 comprised of the core portion 204a and the cladding 
portion 204b is formed. 

As the core burner 202 and the cladding burner 203, use is made of four-pipe burners. Tungsten electrodes 
205 of an outer diameter of 1 .6 mm are inserted into the center layers (inner diameter 4 mm) where the feed- 
45 stock gas flows, and a high voltage of 0 to ±25 kV can be applied from the high voltage DC power source 206. 
An ammeter 207 for measuring the minute current (max 1 00 uA) flowing through the electrode 205 is connected 
in series to the electrode 205. In Fig. 13, an electrode 205' can be inserted into the core burner 202, and a 
high voltage DC power source 206' and an ammeter 207' can be provided for the core burner 202. 

In this embodiment, the value of the current is measured taking note of the cladding burner 203. The clad- 
50 ding burner 203 is supplied with 10 SLM of hydrogen gas, 9 SLM of oxygen gas, 1 SLM of argon gas, and 1 
g/min of SiCU (carrier gas: 800 SCC of argon). The SiCU gas (vapor) is formed by placing a tank 208 containing 
an SiCU solution in a constant temperature tank 209, supplying argon carrier gas into the S\0 4 solution through 
a mass controller 1 0, and bubbling the argon carrier gas. 

The change in the current when the voltage applied to the electrode 205 is fixed to +10 kV and the flow 
55 of the Sid 4 is changed becomes as shown by the curve CV21 of Fig. 14. It was discovered that the larger the 
flow, the greater the current that flowed. With a flow of 1 g/min of SiCI* a current of approximately 50 uA flow- 
ed. 

Figure 15 is a graph showing the changes over time of the current measured by the ammeter 207. As 
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shown by the curve CV22, when the flow of the argon carrier gas is made 800 SCCM. a fluctuation of current 
of ±1 uA occurs at a cycle of 0.25 second. When the flow of the argon carrier gas was changed from 800 SCCM 
to one-half of that, i.e., 400 SCCM, the fluctuation of the cycle became two times the previous amount, i.e., 
0.5 second, as shown by the curve CV23. This is believed to be due to the occurrence of air bubbles due to 
the bubbling. It is deduced that this leads to fluctuations in the amount of deposition of the particulates on 
the optical fiber preform 204. 

Since it is difficult to measure such slight fluctuations during actual synthesis of the optical fiber preform 
204, the experiment shown in Fig. 16 was performed. A motor 212 was used to rotate a disk 213 and SiO^ 
particulates synthesized in the flame of the burner 203 were made to deposit on the disk 213. At this time, a 
rotational speed synchronized with the former fluctuation was given to the disk 213. The curve CV24 of Fig. 
1 7 shows the changes in the amount of deposition in the circumferential direction when depositing S1O2 par- 
ticulates on the disk 21 3f6r a predetermined time at 120 rpm and 400 SCCM carrier gas. There was one portion 
seen on the disk 21 3 where the amount of deposition was large and it was learned that the flow of the feedstock 
gas fluctuated. When performing this by 800 SCCM of carrier gas, two peaks appeared as shown by the curve 
CV25. 

The distribution of the difference of the refractive index (A) of the core and cladding when actually pro- 
ducing an optical fiber preform by the prior art process is shown in fig. 18a. Afluctuation of 0.01 to 0.03 percent 
is seen with respect to a design value of the difference of the refractive index A = 0.3%. The reason for this 
is believed to be the fluctuation in the supply of the feedstock. 

Figure 19 is a view showing the construction of an apparatus designed to suppress the fluctuations in the 
supply of the feedstock. A high speed response piezovalve 215 is provided at the feedstock gas supply line 

214 from the tank 208 and the opening of the piezovalve 215 is controlled by a regulator 21 6 so that the current 
flowing to the electrode 205, measured by the ammeter 207, becomes constant. 

Figure 20 is a graph showing the relationship between the current at the times of opening or closing of 
the piezovalve 21 5 and the opening of the piezovalve 21 5. When the valve is not controlled, fluctuation of the 
current occurs in 0.5 second cycles, but when the valve starts to be controlled and the opening of the valve 

215 is changed at a high speed, It becomes possible to suppress the fluctuations in the current value. As a 
result, as shown by Fig. 1 8b, the fluctuation in the distribution of the refractive index of the optical fiber can 
be held to less than 0.005 percent with respect to a design value of the difference of the refractive index 
A=0.3%. 

By this experiment, the method of measurement of the flow by the present invention becomes extremely 
sensitive and the sensor is in the burner, so, it Is learned, It becomes possible to measure slight fluctuations 
in flow, unable to be detected up to now, closer to the optical fiber preform. By devising measures to suppress 
this fluctuation, it becomes possible to stabilize the quality of the optical fiber preform to an extent never before 
possible in the past 

A second example of the third embodiment will now be explained. 

The first example of the third embodiment, it was explained, enabled monitoring of the extremely small 
fluctuations caused by bubbling. In the second example, an explanation is made of an example of the case 
where the flow of the carrier gas is controlled to as obtain a constant amount of generation of glass particulates 
at the burner, which changes along with changes in the liquid surface level of the feedstock tank. 

In the second example as well, an optical fiber preform is synthesized under simBar conditions as the first 
example. The solid line CV28 of Fig. 21 records the current of the electrode in the burner during synthesis of 
the glass particulates. As clear from the figure, the current falls along with time. This means that the amount 
of generation of the glass particulates at the burner falls. The reason is believed to be the change in the liquid 
surface level of the feedstock solution tank. As shown in Fig. 22, by controlling the flow of the carrier gas in 
a direction gradually increasing from 800 SCCM, it becomes possible to maintain the current constant and 
maintain the amount of generation of the glass particulates at the burner constant, as shown by the broken 
line 29 of Fig. 21. 

In the above embodiment, as shown in Fig. 19, the current flowing to the flame of the cladding use burner 
203 is measured by the ammeter 207 and the flow of the feedstock gas supplied to the burner 203 is controlled 
based on the measurement value, but of course it is also possible to perform simflar control for the core-use 
burner 202, and a control for the both burners 202 and 203. 

Further, as shown in Fig. 1 3, by supplying to an computation unit 211 a measurement output of the ammeter 
207 connected to the electrode 205 of the cladding use burner 203 and controlling a mass flow controller 210 
by the results of the calculation of the computation unit 211, it is also possible to control the flow of the feed- 
stock gas through the carrier gas so that the measurement output of the ammeter 207 becomes substantially 
constant The same applies to the core-use burner 202. 

Note that it is also possible to place a grounding electrode at the rear side of the target (optical fiber pre- 
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form) seen from the burner side and apply a DC voitaqe between th« h.,™~ . M . 
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particulates supplied to the *C I sta^^^ «•«"* «"° ■"">« of the 

can give a stable Mutton 35m >3mlZZimZT" a " 0p,ical f iber preform *** 

possible to easil* maaaure S«2S3nSl Sl^J? .^f* 1 * a " amm8t6r to ,ne e,ec,rode ' 80 * * 
electrode adjoining the Cet * * ee " ^ ° n ,he burn " 8ide and «» «arget or the 



« FOURTH EMBODIMENT 



25 



30 



35 



40 



45 



55 
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negative ions 43 and 44, which negative polarity negative ions 43 and 44 cause the soot body 1 A to be charged 
to a negative polarity. 

In this way, since the soot body 1 A is charged to a negative polarity and the positively charged glass par- 
ticulates are sent from the burner 61 . the effect of deposition of the glass particulates on the soot body 1 A by 
5 the static electricity in addition to the deposition due to the ejection force becomes higher. 

So that the flow of the oxygen-hydrogen flame 41 ejected from the burner 61 is not disturbed by the flow 
of negative ions 43 or negative ions 44 ejected from the first charging nozzle 63 or the second charging nozzle 
65 the charging nozzles 63 and 65 are placed at a predetermined distance away from the burner 61. 
' When the soot body 1 A moves in the left direction B, the right side first charging nozzle 63 provided at a 
10 position ahead of the burner 61 in the direction of movement B is used to spray negative ions 43 on the soot 
body 1 A. then glass particulates sprayed from the burner 61 are made to adhere to the soot body 1 A. 

On the other hand, when the soot body 1 A moves in the right direction A the left side second charging 
nozzle 65 is used to eject negative ions 44 on the soot body 1 A and cause glass particulates sprayed from 
the burner 61 to deposit on the soot body 1 A 
is In this way, in the apparatus for deposition of optical fiber glass particulates of this embodiment, a gas 
control apparatus (not shown) for controlling the opening or dosing of a gas valve (not shown) for leading gas 
from an argon gas container to the gas channel of the first charging nozzle 63 or the second charging nozzle 
65 controls the opening and closing of the gas value in tandem with the mechanism for causing the soot body 
1 Ato traverse and thereby introduces argon gas from the argon gas container selectively to the first charging 
20 nozzle 63 or the second charging nozzle 65. 

In this way, since the first charging nozzle 63 and the second charging nozzle 65 operate alternately, it 
is possible to make common use of the first negative polarity DC power source 72 and the second negative 
polarity DC power source 73. That is, it is possible to eliminate the second negative polarity DC power source 
73 and supply power to the electrode wire 66 from the first negative polarity DC power source 72. 
25 Table 1 shows the specific conditions for operation of the apparatus for deposition of glass particulates. 

Table 1 

30 Burner conditions (feedstock gas) 

Si0 2 : 20 * /min 



35 H 2 : 



50 



80 f /min 



0 2 : 30 ' /min 



Voltage of positive electrode in 
burner : 

Voltage of negative electrode inside 



♦20 to 30 kV 



charging nozzle: -10 to 20 kV 
Soot body 

Speed of traverse: 40 cm/min 

Rotational speed: 250 rpm 

Figure 24 is a view showing the construction of another apparatus for producing the optical fiber preform 
as a fourth embodiment of the present invention. 

The production apparatus shown in Fig. 24 differs from the construction in the apparatus for deposition 
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of particulates shown in Fig. 23. wherein the soot body 1 A was traversed in the horizontal direction, in that it 
is constructed to traverse in the vertical direction. ' n ,nat " 

The selective driving of the first charging nozzle 63 and the second charging nozzle 65 in the apparatus 
means that in the same way as above, when the soot body 1A is moved in the downward direction BB „eo- 
atively charged argon gas is ejected from the first charging nozzle 63 leading the burner 61 and that 'class 
Particulates charged to a positive polarity from the burner 61 are ejected from the burner 61 to the surface of 
the soot body 1A, which is negatively charged by the argon gas. 

WtenthesootbodylAismovedinthe 
61 are driven in the same way as above. 

Preferably, a surface potential measurement element 68 is provided near the soot body 1A inside the bell 
jar 10. the output signal of the same is input to a surface potential control apparatus 69 provided at the outside 
ofthe bell jar 10. and a surface potential control apparatus 69 controls the amount of ions of argon gas output 
! [ ire * Charfl,n « noz2,e 63 <* th0 second <*«ra'ng nozzle 65 in accordance with the surface potential 
detected by the surface potential measurement element 68. By this control ofthe amount of ions, it is possible 
to stabilize the efficiency of deposition of the glass particulates on the soot body 1A 

^.u F ^ re ! 5iSaVieW8h °^ nfla ^ 

of the fourth embodiment of the present invention. In Fig. 25. the bell jar 10. the hood 60, the shafts 54 and 
55, and the chucks 56 and 57 illustrated in Fig. 23 and Fig. 24 are omitted. 

■ . ^J 8 f mb ^ iment 8h0 *» a modification of the apparatus for deposition of particulates shown in Fig. 23 
Instead ofthefirst charging nozzle 63 shown in Fig. 23, use is made of the first burner 83 in whteh an electrode 
wire 64 connected to a first negative polarity DC power source 72 is inserted and instead of the second charging 
nozzle 65 shown in Fig. 23. use is made of a second burner 85 in which an electrode wire 66 connected to a 
second negative polarity DC power source 73 is inserted. 

Thet is. the first charging nozzle 63 and the second charging nozzle 65 in the apparatus for deposition of 
glass particulates shown in Fig. 23 are replaced by a first burner 83 and a second burner 85 

The basic operation is the same as the operation explained with reference to Fig. 23. but the amounts of 
oxygen, hydrogen, and SiCI 4 flowing to the burner 61 differ from the above values. 

The charging polarities in the above-mentioned fourth embodiment may be reversed. For example the 
electrode wire 62 in the burner 61 shown in Fig. 25 may be made a negative polarity and the electrode wire 
64 in the first charging nozzle 63 and the electrode wire 66 in the second charging nozzle 65 may be made a 
positive polanty. In summary, it is sufficient that the argon gas and the glass particulates attract each other 
by static electricity. It is enough that the polarities ofthe electrode wire 62 and the electrode wire 64 or electrode 
wire 66 be opposite. 

The relationship of rotation and traverse motion of the soot body 1 A, burner 61, first charging nozzle 63 
and second charging nozzle 65 need only be such that the soot body 1A the burner61. etc. traverse relative 
to each other. As opposed to the above-mentioned relationship of movement, the soot body 1 A alone may be 
made to rotate and the burner 61 side made to traverse. 

Further, it is also possible to apply the surface potential measurement element 68 and the surface potential 
control apparatus 69 illustrated In Fig. 24 to the apparatus for production of an optical fiber preform shown in 
rig. 23 and Fig. 25. 

Further, in the above embodiments, inert gas was passed along the electrode wire in the charging nozzles 
but oxygen and hydrogen gas may also be passed and burned. This is preferable, since if this is done then 
the soot body can be heat treated to a desired hardness. 

Comparative Example 1 

Acomparisonwill now be made of the results of deposition of particulates bya process of production based 
on the vAD method (for example. Japanese Unexamined Published Patent Application No. 58-217447) and 

ol ^ deP0Si,i ° n - 9,883 par,,cu,ates oased on the embodiment of the present invention using the 
ovd method. 
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Table 2 





Examples of embodiment 


Conventional process 


Movement 


Traverse motion 


Simple lifting 


mechanism 


(OVD) 


(VAD) 


Deposition speed 


10to30g/min 


1 to 3 g/min 


Fedstock feed 






H 2 


100 l/min 


Approx. 10f/min 


SiCt 4 


100to200g/min 


Approx. 2 to 5 g/min 


Rotational speed 


150 to 200 rpm 


10 to 20 rpm 



15 

In the VAD method, if the deposition speed is made faster, there is a detrimental effect on the formation 
of the core portion under the soot body. Therefore, in the VAD method, the deposition speed can only be made 
about 1 to 3 g/min. According to this embodiment of the present invention based on the OVD method, the 
amount of supply of the feedstock gas, the amount of the flame, the strength of the soot body, and the de- 
ft position speed are all improved compared with the results of deposition of glass particulates by the conven- 
tional process. 

Comparative Example 2 

2S According to this method of optimizing the deposition yield of the glass particulates using the surface po- 
tential control apparatus 69 of the present invention, the time can be shortened about 40 percent compared 
with the conventional deposition speed and as a result an improvement is seen in the deposition yield of glass 
particulates. 

Another modification of the fourth embodiment is illustrated in Fig. 26. 

30 In this apparatus for production of an optical fiber preform, the seed rod 1 is placed in parallel to the hor- 
izontal direction, is made to traverse along the horizontal direction, and is rotated in the direction perpendicular 
to the traverse direction. A soot body 1 A is deposited on the soot body 1A. Three burners 65, 61, and 63 are 
aligned in the direction perpendicular to the traverse direction of the seed rod 1. 

In the center burner 61 , an electrode 62 connected to a positive polarity DC high voltage power source 71 

38 is inserted. An electrode 64 is inserted into the burner 63, and an electrode 66 is inserted into the burner 65. 
A negative polarity DC high voltage power source 62 is connected to the electrodes 64 and 66. The positive 
polarity DC high voltage power source 71 is provided via the ammeter 91, and the negative polarity DC high 
voltage power source 72 is provided via the ammeter 92. Oj gas, H 2 gas, and SiCi 4 are introduced to the center 
burner 61 . Glass (SiOJ particulates charged to a positive polarity by the electrode 62 are deposited on a seed 

40 rod 1 or the soot body 1 A deposited on the same. The burner 63 or the burner 65 at the position ahead of the 
ejection of glass particulates from the burner 61 Is selectively driven according to the traverse direction of the 
seed rod 1. 0 2 gas and H 2 gas are introduced to the burner 63 or 65 and are charged to a negative polarity by 
the electrode 64 or 66. The oxygen-hydrogen gas charged to a negative polarity by the mixture of the O2 gas 
and the H 2 gas is ejected from the burner 61 and charges to a negative polarity the seed rod 1 or the soot 

45 body 1 A ahead of the glass particulates charged to a positive polarity, thereby improving the rate of deposition 
of the positive polarity glass particulates on the soot body 1A. 

Further, the surface potential measurement sensor 68 and its control apparatus 69 are provided. The con- 
trol apparatus 69 inputs the readings of the surface potential measurement sensor 68 and the ammeters 91 
and 92 and, as mentioned above, controls the voltage of the positive polarity DC high voltage power source 

00 71 or the negative polarity DC high voltage power source 72 in accordance with the surface potential of the 
soot body 1 A. 

According to the fourth embodiment of the present invention, the speed by which the particulates are syn- 
thesized on the seed rod to form the soot body can be tremendously increased. 

Further, according to the fourth embodiment of the present invention, the efficiency of deposition of the 
55 glass particulates on the soot body is strikingly improved, so it is possible to make effective use of resources 
and to tremendously reduce the cost of production of the soot body and, in turn, the cost of production of an 
optical fiber. 
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Further, according to the fourth embodiment of the present invention, the amount of waste product not 
depositing on the soot body and being discharged from the hood is decreased too, so the cost of treatino the 
waste can be tremendously reduced as well. 

FIFTH EMBODIMENT 

A fifth embodiment of the present invention will now be described. 

The fifth embodiment has as its object the improvement of the amount of deposition or a deposition per 
unit time of the glass (SIOJ particulates at the two ends of the target In the OVD method. 

In the OVD method, the target, comprised of the seed rod and the optical fiber porous preform synthesized 
on the same, is rotated about its support axis, and the target and the burner from which the glass particulates 
are ejected engage in relative motion. That is. the target is traversed in the horizontal direction left and right 
with respect to the burner. At the turnaround positions of the traverse motion, that is, the ends of the target, 
the amount of deposition at portions far from the center of the flame from the burner is small, so the amount 
of deposition of the optical fiber porous preform falls and the outer diameter of the two ends become smaller 
than the center portion. That is, the diameter becomes gradually smaller compared with the outer diameter 
of the center portion of the optical fiber porous preform as it goes toward the ends. The portion at the ends 
where the outer diameter becomes small cannot be used as a product because the outer diameter of the clad- 
ding is smaller than the core diameter and thus constitutes loss. Usually, about 80 percent of the entire portion 
where the glass particulates are deposited can be used as a product. That is, there Is a waste of about 20 
percent 

To reduce the cost of production of the final optical fiber, it is desirable to minimize the loss portion as 
much as possible. The fifth embodiment has as its object the improvement of the synthesis at the ends of the 
optical fiber porous preform. 

Figure 27 is a view showing the construction of an apparatus for working the process for synthesis of an 
optical fiber porous preform in the fifth embodiment of the present invention. 

In the apparatus for synthesis of an optical fiber porous preform shown in Fig. 27, in the chamber, glass 
particulates 109 from the burner 102 are blown on the target 1 80 to synthesize an optical fiber porous preform 
(soot body) 107 on the core rod (seed rod) 101. 

The core rod 101 is axialiy supported by shafts (not shown) at its two ends and is rotated in the rotational 
direction R and made to traverse in the direction Aor the direction B with respect to the burner 102 by a drive 
mechanism, not shown, driven by a target traverse control apparatus 110 through a chuck (not shown). That 
is, the target 180 and the burner 102 are made to engage in relative motion. 

Argon gas and SiCU gas are introduced to the innermost portion of the burner 102, H 2 gas is introduced 
to the outside of this, 0 2 gas is introduced to the outermost circumference, and glass particulates 1 09 are eject- 
ed from the front end of the burner 102. 

An electrode 103 is inserted in the burner 102. The electrode 103 is connected to a high voltage power 
source 106 through a voltage control apparatus 105. The voltage control apparatus 105 receives as input the 
traverse turnaround control signal of the target traverse control apparatus 11 0 and changes the voltage of the 
high voltage power source 1 08 applied to the electrode 1 03. 

Further, if the core rod 1 01 and the soot body 107 are charged to a negative polarity, the glass particulates 
109 are charged to a positive polarity, whereby it becomes possible to promote the deposition on the soot body 
107 of the glass particulates 109 to be deposited on the soot body 107. 

Regarding the direction of motion of the target 1 80, if a predetermined voltage is applied to the electrode 
103 and the glass particulates are charged to the predetermined polarities and ejected to the target 180 
through the burner 102, then as mentioned above, the rate of deposition of the glass particulates 109 on the 
soot body 107 at the two ends 182 and 183 of the target 180 falls, whereby the outer diameter of the target 
180atthetwoends 182 and 183 of the target 180 becomes gradually smaller compared with the outer diameter 
at the center portion 181 of the target 180. 

As a result, the two ends 182 and 183 of the target 180 cannot be used for the final product, i.e., only the 
center portion 181 not including the two ends 182 and 183 can be utilized for the final product The length Lo 
of the center portion 181, as mentioned above, is about 80 percent of the total length L of the target 180. 

To resolve this problem, the timing before and after the turnaround operation in the traverse motion of 
the soot body 107 by the target traverse motion control apparatus 110 is notified to the voltage control appa- 
ratus 105 from the target traverse motion control apparatus 110. The voltage control apparatus 105, as shown 
in Fig. 28, raises the voltage applied from the high voltage powersource 106 applied to the electrode 103 when 
causing deposition of glass particulates 109 at the ends 182 and 183 of the target 180 from the voltage applied 
when causing glass particulates 109 to deposit on the center portion 181 of the target 180 and thus increases 
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the amount of the glass particulates 109 depositing at the two ends 182 and 183 of the target 180. 

Figure 28 shows the position of the target 1 80 on the horizontal axis and shows the voltage applied to the 
electrode 103 through the voltage control apparatus 105 on the vertical axis. 

As a result, soot bodies 1 74 and 1 75 of the same outer diameter as the outer diameter of the center portion 
5 181 are synthesized at the two ends 182 and 183 of the target 180. The portions of the soot bodies 174 and 
175 deposited at the two ends 182 and 183 of the target 180 may be used for the final product, so the length 
of the portion able to be effectively utilized for the final product increases from the above-mentioned length 
Lc to the length L* 

Below, first and second experiments of the fifth embodiment will be explained. 

10 

Experiment 1 

(Conditions) 

15 Target 180 

Rotational speed: Approximately 300 rpm 
Traverse speed: 500 mm/min 

(target 180 is traversed right and left with respect to the burner 102) 
Core rod 101 
20 Outer diameter. 20 mm 

Length: 1 m 

Burner 102: Multipipe construction able to introduce 
Oxygen 30 SLM (standard f s-minute) 
Hydrogen: 80 SLM 
25 Argon: 20 SLM 

Sid 4 gas: 10 SLM 

Electrode 103: Tungsten electrode of 1.6 mm outer diameter inserted into center section of burner up 
to position 3 mm inside from front end of burner 
Applied voltage (Fig. 28) 
30 Center 1 81 of target 1 80: 1 0 kV 

Two ends 182, 183 of target 180: 20 kV 
Under the above conditions, glass particulates were made to deposit to an outer diameter of 150 mm. 
Figure 29 is a graph showing the changes in the amount of the rV0 2 in the voltage applied to the electrode 
103 shown in Fig. 28 from 10 kV to 20 kV. The amount of the two ends 182 and 183 increases about 50 percent 
35 from the center portion 181 of the target 180. 

Figure 30 is a graph showing the voltage applied to the electrode 103 and the amount of increase of the 
glass particulates depositing on the target 180. The rate of increase of the amount of deposition means the 
value obtained by dividing the amount of deposition in the case when voltage is applied by the amount of de- 
position in the case where no voltage is applied, with the conditions of the gas introduced to the burner 102 
40 made exactly t he same. 

By enlarging the voltage applied to the electrode 103, it is learned, the rate of increase of the amount of 
deposition of the glass particulates 109 depositing on the target 180 increases. 

As a result, it is possible to make the outer diameter of the center portion 181 of the target 180 and the 
outer diameter of the two ends 182 and 183 about the same. 
45 As shown in Fig. 28, near the turnaround points of the traverse motion of the target 180, the voltage applied 
to the electrode 103 in the burner 102 is increased from the +10 kV voltage applied when blowing glass par- 
ticulates 109 on the center portion 181 of the target 180 to +20 kV voltage when blowing glass particulates 
109 on the ends 182 and 183 of the target 160. If the amount of deposition increases when the burner gas 
conditions are made constant the density of the glass particulates 109 which deposit falls from that of the 
so center portion, so for heat treatment, as shown in Fig. 29, the amounts of the oxygen and hydrogen gases are 
increased from 100 to 150 SLM. As a result, it is possible to obtain the shape shown in Fig. 27 as the target 
180 and the portion which can be used for the final product is increased to 97 percent, shown as the length 
U, as compared with the overall length L where the glass particulates 109 are deposited. 

Note that the same effect of increasing the amount of deposition can be exhibited by charging the target 
55 to a negative polarity and lowering the surface potential of the target 180 at the ends 182 and 182 of the target 
180 instead of raising the charging voltage of the glass particulates 109 by applying a high positive polarity 
voltage to the electrode 103. 

Further, the polarity of the voltage applied to the core rod 101 may be made the positive polarity and the 
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polarity for charging the glass particulates 109 may be made the negative polarity. 

A second apparatus for working the process of synthesis of the optical fiber porous preform of the fifth 
embodiment of the present invention wfll be explained next 

Figure 31 is a constitutional view of a second apparatus for synthesizing an optical fiber porous preform 
The apparatus for synthesis of an optical fiber porous preform fixes the charging polarity of the glass partio 
ulates 109 ejected from the burner 102 to the positive polarity and blows negative polarity ions, for example 
argon gas ions, on the soot body 107 to charge the surface of the target 180 to a negative polarity The soot 
body 107 is rotated and made to traverse with respect to the burner 102 in the same way as the example shown 
in Fig. 27. 

The apparatus for synthesis of an optical fiber porous preform is provided with two charging nozzles 115 
and 118atthe left andright of the soot body for charging the soot body 107 to a negative polarity before blowina 
the glass particulates 1 09 ejected from the burner 102 to the soot body 107 in the traverse motion of the soot 
body 107. 

These charging nozzles 115 and 118 have inserted in them electrodes 116 and 119. These electrodes 116 
and 119 are connected through the voltage control apparatuses 117 and 120 to a negative polarity power 
source 121. The voltage control apparatuses 117 and 120, in the same way as the voltage control apparatus 
105 shown in Fig. 27, receive as input timing signals of the switching of traverse motion from the target traverse 
motion control apparatus 110 and controls the voltage applied to the electrodes 116 and 119. 

When the target 180 moves in the left direction B, argon gas charged to a negative polarity is ejected from 
the charging nozzle 118 ahead of the burner 102 to the target 180. When it moves in the right direction A 
argon gas charged to a negative polarity is ejected from the charging nozzle 115 ahead of the burner 102"to 
the target 180. That is, the charging nozzle 115 and the charging nozzle 118 are alternately driven in synchron- 
ization with the traverse motion of the soot body 1 07. 

Before the voltage control apparatus 11 7 or 120 receives as input the pre-switching signal and ending sig- 
nal of the traverse motion of the target 180 from the target traverse motion control apparatus 110, as shown 
in Fig. 32, the voltage of the negative polarity power source 121 is controlled and applied to the electrode 116 
or 119 so that argon gas 123 or 124 charged by an ordinary voltage is ejected to the center of the target 180 

When the pre-switchlng signal and ending signal of the traverse motion of the target 180 is input from the 
target traverse motion control apparatus 110, the voltage control apparatus 117 or 120, as shown in Fig 32 
controls and applies the voltage of the negative polarity power source 121 to the electrode 116 or 119 so that 
argon gas 123 or 124 charged by a voltage lower than the ordinary voltage is ejected to the two ends 182 and 
183 of the target 180. 

As a result, the potential difference between the potential at the two ends 182 and 183 of the target 180 
and the glass particulates 109 becomes larger than the potential difference between the potential at the center 
portion 181 of the target 180 and the glass particulates 109 and the rate of deposition of glass particulates 
109 at the two ends 182 and 183 of the target 180 becomes higher. 

Experiment 2 



Under the same gas conditions as in Experiment 1, the voltage applied to the electrode 103 in the burner 
102 was made +10 kV and the voltage applied to the electrodes 116 and 119 in the charging nozzles 115 and 
118 was changed to -5 kV at the ends 182 and 183 and to -2V at the center portion 181 as shown in Fig 32 

As a result, in the same way as Experiment 1, ft is possible to synthesize a soot body 107 to substantially 
the same outer diameter as the center portion even at the ends of the target 180 and therefore the portion 
which can be used for the final product is improved to 97 percent of the overall length on which the glass par- 
ticulates are deposited. 

As explained above, if the potential difference between the target 180 and the glass particulates 109 at 
the ends of the target 180 is made larger than the potential difference at the center portion of the target 180 
as mentioned above, it is possible to synthesize a soot body 107 with the same outer diameter as the center" 
portion even at the ends of the soot body 107, as mentioned above. 

Therefore, as the apparatus for working the process of synthesis of an optical fiber porous preform of the 
fifth embodiment of the present invention, the first apparatus for synthesis of an optical fiber porous preform 
explained with reference to Fig. 27 and the second apparatus for synthesis of an optical fiber porous preform 
explained with reference to Fig. 31 may be combined. 

As mentioned above, in the fifth embodiment of the present invention, it is possible to accurately control 
the amount of deposition of the glass particulates by the effect of the static electricity between the target and 
the glass particulates, suppress the reduction in the outer diameter of the soot body near the turnaround points 
of the traverse motion, and remarkably increase the portion which can be utilized for the final product, so the 
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efficiency of production can be remarkably improved. 
SIXTH EMBODIMENT 

5 Next, a sixth embodiment of the present invention will be explained. 

The sixth embodiment relates to a process and apparatus for the production of an optical fiber preform 
which further improves the rate of deposition of the glass (SiOJ particulates on the soot body. 

When glass particulates charged to the same polarity are continuously made to deposit on a target, the 
charge builds up on the target and the potential of the same repels the glass particulates which are to be later 

10 deposited, conversely reduce the deposition efficiency and, further, causing cracks. As a method for resolving 
this problem, the practice is to lower the surface potential of the target by blowing charge-clearing ions on the 
target before the deposition of the glass particulates. However, blowing such ions on the target disturbs the 
shape of the flame from the burner and ends up changing the conditions of synthesis of the optical fiber porous 
preform, ff an attempt is made to deal with this problem, the apparatus for synthesis of the optical fiber porous 

is preform becomes complicated and, as a result, the cost of the optical fiber porous preform produced using 
this apparatus for synthesis of an optical fiber porous preform soars and in turn the cost of the optical fiber 
soars. 

The sixth embodiment of the present invention has as its object the provision of a process and apparatus 
for synthesis of an optical fiber porous preform which resolves the above-mentioned problem and further im- 
20 proves the efficiency of deposition of the glass particulates on the target. 

Figure 33 is a view showing an example of the construction of an apparatus for synthesis of an optical 
fiber porous preform for working the process for synthesis of an optical fiber porous preform according to the 
sixth embodiment of the present invention. 

The apparatus for synthesis of an optical fiber porous preform synthesizes the porous glass preform 180 
25 by causing glass particulates 170 to deposit on a core rod 101 affixed to shafts, not shown. 

Therefore, the shafts (not shown) which axtally support the core rod 101 are made to traverse in the left 
and right directions A and B while being rotated in the rotational direction R by a drive mechanism, not shown. 
Flame 109 is ejected from the fixed oxygen-hydrogen burner 102 to the core rod 101 as it rotates and traverses. 
New glass particulates 107 are deposited and accumulate on core rod 1 01 and the glass particulates 107 built 
30 up on the core rod 1 01 . 

The burner 102, in this example, has a four-pipe structure. Argon gas and SiCI 4 are introduced into a port 
121 leading to the burner inner pipe 102a. Hydrogen gas (HJ is introduced into a port 122 leading to the burner 
intermediate pipe 102b. Oxygen gas (O2) is introduced to a port 123 leading to the burner outer pipe 102c 
Hydrolysis occurs in the oxygen-hydrogen flame and glass particulates forming the cladding of the optical fiber 
35 are ejected in the flame 1 09. 

Further, the electrode wire 103 is inserted into the burner 102 and a high voltage power source 106 is 
connected to the electrode wire 103 through an ammeter 105. 

Referring to Fig. 33, an explanation will be made of an embodiment of the cladding by the OVD method. 

The shafts axialty supporting the core rod 1 01 are rotated at a rotational speed of about 300 rpm and made 
40 to traverse to the left and right at a speed of 500 mm/min. A core rod 101 having an outer diameter of 20 m 
and a length of 1 m is affixed to the shafts. Glass (Si0 2 ) particulates are made to deposit on the outer circum- 
ference of the core rod 101 to an outer diameter of about 150 mm. 

As a first experiment of the sixth embodiment, 30 SLM of oxygen gas, 80 SLM of hydrogen gas, 20 SLM 
of argon gas, and 10 SLM of SiCU gas were introduced to the burner 102. In this experiment, a tungsten elec- 
45 trode 1 03 with an outer diameter of 1 .6 mm was inserted into the center portion of the burner 1 02 to a distance 
3 mm from the front end of the burner 102. 

A voltage of the waveform shown in Fig. 34 was applied to the electrode wire 1 03 from the DC high voltage 
power source 106. 

Figure 35 is a graph showing the increase of the amount of deposition of glass particulates to the target 
so according to the above experiment 

In the figure, the curve CV31 is a curve of the increase of the amount of deposition of the glass particulates 
107 on the target in the case when no voltage at all was applied to the electrode wire 103 from the DC high 
voltage power source 106 under the above conditions of the feedstock gas and combustion gas introduced to 
the burner 102. 

55 The curve CV32 shows the amount of deposition of the glass particulates 107 to the target in the case 
of application of a positive polarity DC voltage of +10 kV to the electrode wire 103 in the burner 102. In this 
case, the deposition speed of the glass particulates 1 07 was improved from the amount of deposition shown 
by the curve CV31 by the application of the high voltage to the electrode wire 103, but as the amount of the 
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charge of the target increased, the deposition speed gradually fell and finally cracks occurred. 

The curve CV33 Is the curve of the increase of the amount of deposition of glass particulates 107 accord- 
ing to the present experiment In this example, as shown in Fig. 34, positive polarity and negative polarity DC 
voltages of ±10 kV were applied to the electrode wire 103 in the burner 102 from the DC high voltage power 

5 source 106 at a time T1 of 1 second and a time 12 of 1 second, with a time T3 of 0.5 second of 0V in between 
for a continuous 3 second cycle. In this case, no decline was seen in the deposition speed of the glass par- 
ticulates 107 and the amount of deposition increased about two-fold from the case of the curve CV31 showing 
the amount of deposition of the glass particulates 107 when not applying DC voltage to the electrode wire 103 
over the entire period of synthesis. 

10 The cycle of application of the DC voltage from the DC high voltage power source 106 to the electrode 
wire 103, the ratio of the times T1 and T2 of application of the positive polarity and negative polarity voltages, 
the length of the time T3 when the voltage is not applied, the amplitude of the positive polarity and negative 
polarity voltages, and other conditions according to the embodiment shown by the curve CV33 are meant to 
enable the charged particulates to deposit on the target without being neutralized in the space between the 

is burner 102 and the target, so there are suitable values based on the conditions of the gas synthesized at the 
burner 102 and ejected as a flame 109. In the final analysis, it is desirable to make the surface potential of 
the target become near 0 kV. 

If the cycle of application of the voltage from the DC high voltage power source 1 06 to the electrode wire 
103 is too short, the particulates become neutral before reaching the target and therefore the effect of increas- 
20 ing the amount of deposition becomes smaller. Therefore, there is a lower limit commensurate with the rate 
of flow of the particulates ejected from the burner 102. 

Further, in this embodiment T3 was made 0.5 second, but substantially the same effect can be expected 
even if this is made 0. 

In a second experiment of the sixth embodiment, as shown in Fig. 36, use was made of two burners 1 02A 
25 and 102B. 

The two burners 102Aand 102B respectively had the electrode wires 103Aand 103B inserted in them. 
These electrode wires 103A and 103B had a positive polarity voltage and negative polarity voltage applied to 
them from a DC high voltage power source 106. The polarities of the DC voltages applied to the electrode wires 
103A and 103B were not made to change. Therefore, the charge of the flame 109A ejected from the burner 
102A was a positive polarity, while the charge of the flame 109B ejected from the burner 1 02B was a negative 
polarity. 

In the second experiment, the construction and conditions of the apparatus for synthesizing the optical 
fiber porous preform, outside of the above-mentioned burners 102A and 102B and the electrode wires 103A 
and 1 03B, were similar to those of the above-mentioned first experiment 

The core rod 101 was made to traverse while being rotated. When the core rod 101 moved in the direction 
A, negative polarity glass particulates 1 07B generated by the flame 1 09B ejected from the leading burner 1 02B 
first deposited on the target, then positive polarity glass particulates 107A generated by the flame 109A ejected 
from the burner 102A deposited and accumulated on the same. Conversely, when the core rod 101 moved in 
the direction B, the positive polarity glass particulates 107A generated by the flame 109A ejected from the 
leading burner 1 02A first deposited on the target, then the negative polarity glass particulates 107B generated 
by the flame 109B ejected from the burner 102B were deposited and accumulate on the same. 

That Is, glass particulates 107Aand 107B in a state charged with alternately differing polarities due to the 
motion of core rod 101 deposited on the target Since the charged polarities differed, the glass particulates 
107A and 107B were efficiently deposited on the target by the force of attraction of the static electricity. 

By adjusting the value of the voltage applied to the electrode wires 103A and 103B. the optimal deposition 
conditions can be obtained. 

Figure 37 is a partial view explaining a third experiment of the sixth embodiment of the present invention, 
which uses the rotational motion of the target In this experiment, burners 102C and 102D were placed at dif- 
ferent angular positions with respect to the target and electrode wires 103C and 103D were inserted in the 
burners 102C and 102D. 

The electrode wires 103C and 103D were applied with respective constant polarity voltages in the same 
way as in the second experiment Therefore, the flames 109C and 1 09D charged with a positive polarity and 
a negative polarity, respectively, were ejected from the burners 102C and 102D to the target 

The state of deposition of the glass particulates 107C, 107D blown from the burners 102C, 102D to be 
deposited on a rotating target was similar to that in the second experiment 

Therefore, the same high level of deposition of glass particulates as in the second experiment was realized 
by the third experiment 

The above embodiment showed the case of the OVD method, but the present invention may of course 
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also be applied in the same way to the VAD method, for example. 

According to the sixth embodiment of the present invention, flows of positively and negatively charged 
particulates were alternately sent to the target so that the particulates on the surface of the target charged 
to a positive polarity drew the particulates charged to a negative polarity by the static electric force or by the 
5 reverse relationship particulates on the surface of the target charged to a negative polarity drew the particu- 
lates charged to a positive polarity by the static electric force, whereby it was possible to vastly improve the 
efficiency of deposition of glass particulates on the target and it was possible to synthesize a porous preform 
for an optical fiber preform without waste and in turn to produce optical fiber at a low cost 

The present invention is not limited to the above-mentioned first to sixth embodiments and may take the 
10 form of various modifications. 

For example, the embodiments explained with reference to the OVD method may also be applied to the 
VAD method. Further, the process and apparatus for production of an optical fiber preform of the present in- 
vention may be suitable combinations of the above-mentioned first to sixth embodiments. 

Many widely different embodiments of the present invention may be constructed without departing from 
15 the spirit and scope of the present invention, and it should be understood that the present invention is not re- 
stricted to the specific embodiments described above. 



Claims 

20 

1. A process of producing an optical fiber preform, comprising the steps of: 

hydrolyzing a feedstock gas supplied from an oxygen-hydrogen burner (2, 2A, 61, and 102) in the 
oxygen-hydrogen flame (9) to produce particulates (7, 107) containing glass particulates; 

charging the particulates; and 
25 blowing the charged particulates onto a target comprised of a seed rod (1) or a soot body (1A) 

formed on the seed rod so as to cause them to deposit on the target and build up as a soot body (1A). 

2. A process of producing an optical fiber preform as set forth in claim 1 , wherein said step for charging the 
particulates charges the particulates in the burner. 

30 

3. A process of producing an optical fiber preform as set forth in claim 1 , wherein said step for charging the 
particulates charges the particulates between the burner and the seed rod (1 ) or the soot body (A) formed 
on the seed rod. 

4. A process of producing an optical fiber preform as set forth in claim 1 or 2, wherein there is the further 
step of reducing the magnitude of the charge of the particulates in the burner (2, 2A, 61, 102) along with 
an increase of the diameter of the target which is formed. 

5. A process of producing an optical fiber preform as set forth in claim 1 or 2, wherein there is the further 
step of making the position facing the burner (2, 2A, 61 , 1 02) across the target an opposite polarity from 

40 the charging polarity of the particulates ejected from the burner so as to electrically attract the particulates 
ejected from the burner. 

6. A process of producing an optical fiber preform as set forth in any one of claims 1 to 5, wherein there is 
the further step (13, 14) of clearing the charge from the target. 

45 

7. A process of producing an optical fiber preform as set forth in any one of claims 1 to 6, wherein there is 
the further step (15, 16) of reducing the humidity of the atmosphere in which the particulates are depos- 
ited on the target along with an increase in the deposition of the particulates on the target 

so 8. A process of producing an optical fiber preform as set forth in any one of claims 1 to 7, wherein the target 
and the burner are made to traverse relatively in the longitudinal direction of the target and the target is 
made to rotate in a direction perpendicular to the longitudinal direction of the target 

9. A process of producing an optical fiber preform as set forth in any one of claims 1 to 8, wherein the feed- 
w stock gas at the burner is charged by applying a DC voltage to an electrode (3, 3A, 62, 103) disposed in 

the burner (2, 2A, 61, 102). 

10. A process of producing an optical fiber preform as set forth in claim 1 or 2, wherein the target and the 
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burner are made to traverse relatively in the longitudinal direction of the target and the target is made to 
rotate in a direction perpendicular to the longitudinal direction of the target, and before blowing the 
charged particulates (41) ejected from the burner on to the target, ions (43. 44) charged to an opposite 
polanty from the charging polarity of the particulates are blown on the target to charge the target to the 
opposite polarity to the charging polarity of the particulates. * 

11. A process of producing an optical fiber preform as set forth in claim 10. wherein the surface potential of 
the target is measured (68), and pw»»»iaiw 
the amount of ejection of the ions is controlled in response to the measured surface potential (69). 

11 A process of producing an optical fiber preform as set forth in claim 10. wherein the surface potential of 
the target is measured (68). and 

the amount of feedstock gas introduced to the burner is controlled In response to the measured 
surface potential (69). «h«oo 

13. A process of producing an optical fiber preform as set forth in any one of claims 10 to 12 wherein the 
particulates at the burner (61) are charged by applying a DC voltage (71) to an electrode (62) disposed 
inside the burner. »#»•«« 

14. A process of producing an optical fiber preform as set forth in any one of claims 10 to 13. wherein the 
ions are charged by applying to an electrode (64. 66) disposed inside a ion ejecting burner (63 65) a DC 
voltage (72, 73) of an opposite polarity to the voltage charring the feedstock gas. 

15. A process of producing an optical fiber preform as setforth in anyone of claims 1 to 5. wherein the amount 
of deposition of the particulates on the target is increased at the ends of the target 

16. A process of producing an optical fiber preform as set forth in claim 15. wherein the amount of charging 
of the feedstock gas is increased at the ends of the target 

17. A process of producing an optical fiber preform as set forth in claim 15. wherein the amounts of supply 
of the hydrogen gas and the oxygen gas are increased at the ends of the target 

18. A process of producing an optical fiber preform as set forth in claim 1. wherein the target and the burner 
are made to traverse relatively in the longitudinal direction of the target and the target is made to rotate 
in a direction perpendicular to the longitudinal direction of the target. 

the polarities of charging of the feedstock gas in the burner are made alternately different in syn- 
chronization with the traverse motion, and 

t he particulates charged to alternately different polarities are blown on the target in synchronization 
with the traverse motion. 

19. A process for the production of an optical fiber preform as set forth in claim 18. wherein the particulates 
are charged by charging to a positive polarity for a first predetermined time, not charging for a second 
predetermined time, and charging to a negative polarity for a third predetermined time, the first to third 
predetermined times being cyclically repeated. 

A process of producing an optical fiber preform as set forth in claim 18, wherein the particulates are 
charged by charging to a positive polarity for a first predetermined time and charging to a negative polarity 
for a second predetermined time, the first and second predetermined times being cyclically repeated. 

21. A process of producing an optical fiber preform by the VAD method, wherein, when a carrier gas (Ar) is 
charged to form the optical fiber preform, an amount of the carrier gas is adjusted in response tea charge 
on the earner gas to thereby adjust a refractive index of a portion to form a seed rod (1). 

22. Aprocessofprodudnganopticdfiberprefo^ 

gas is carried out by an electrode (205) provided in a burner (203), and a high voltage power source (207) 

applying a DC high voltage to the electrode. 

a current flowing through the electrode Is detected, and 

said amount of the carrier gas is adjusted in response to the detected current 

23. A process of producing an optical fiber preform as set forth in daim 22. wherein the amount of said carrier 
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gas is adjusted to increase along with the passage of time. 

24. A process of producing an optical fiber preform as set forth in claim 21, wherein when particulates in- 
cluding glass particulates are ejected from a burner in which feedstock gas is introduced to eject partic- 
ulates and synthesize a soot body, the particulates are charged. 

25. A process of producing an optical fiber preform as set forth in claim 22, wherein the feedstock gas forming 
the optical fiber preform is adjusted in response to the detected current 

26. A process of producing an optical fiber preform by the VAD method, wherein, when a feedstock gas (SrCI 4 , 
GeCU, Ha, cy and/or a carrier gas (Ar) are charged and deposited them on a target to form the optical 
fiber preform, a flow of the feedstock is adjusted so that a current flowing through particulates directing 
from a burner (203) into which the feedstock gas is introduced to the target is maintained at a constant 
or an approximately constant, to thereby adjust a refractive index of a portion to form a seed rod. 

27. A process of producing an optical fiber preform as set forth in claim 26, wherein at least the carrier gas 
is charged to form the optical fiber preform, and an amount of the carrier gas is adjusted in response to 
a charge on the carrier gas, to thereby adjust the refractive index of the portion to form the seed rod. 

28. An apparatus for production of an optical fiber preform, comprising: 

an oxygen-hydrogen burner (2, 2A, 61, 102) which traverses relative to a target having a seed rod 
(1) or a soot body (1 A) formed on the seed rod, and ejects to particulates including glass particulates by 
hydrdyzing a feedstock gas; and 

a means (3, 62, 103, 6, 71) for charging the particulates at a predetermined polarity before blowing 
the particulates to the target 

29. An apparatus for production of an optical fiber preform as set forth in claim 28, wherein said means for 
charging the particulates includes 

an electrode (3, 62, 103) provided in the burner, and 

a DC high voltage power source (6, 71) connected to the electrode and charging the feedstock gas 
passing in the burner along the electrode at a predetermined polarity and a predetermined level to provide 
the charged particulates. 

30. An apparatus for production of an optical fiber preform as set forth in claim 28, wherein said means for 
charging the particulates includes 

an electrode (3A) placed in the path of the ejecting the particulates between the burner and the 
target, and 

a DC high voltage power source (6A, 71) connected to the electrode and applying a predetermined 
DC voltage to charge the particulates at a predetermined polarity and a predetermined level. 

31. An apparatus for production of an optical fiber preform as set forth in claim 29 or 30, wherein said DC 
high voltage power source provides a controllable DC voltage (6, 6A, 71) and 

provision is further made of a sensor (17) for measuring the outer diameter of the target and 
a control means for receiving as input the output signal of the sensor and reducing the output vol- 
tage of the DC high voltage power source in response to an increase in the diameter of the target 

32. An apparatus for production of an optical fiber preform as set forth in claim 29 or 30, wherein there is 
further provided, at a position facing t he burner (2A) across the target an electrode (31 ) to which a voltage 
of an opposite polarity from the charging polarity of the particulates ejected from the burner is applied 
and which electrically attracts the particulates ejected from said burner. 

33. An apparatus for production of an optical fiber preform as set forth in claim 32, wherein there is further 
provided a means (13, 14) for clearing the charge of the target 

34. An apparatus for production of an optical fiber preform as set forth in any one of claims 28 to 33, wherein 
it further comprises: 

a means (15, 16) for detecting the humidity of the atmosphere in which the particulates are de- 
posited on the target, and 

a means for reducing the humidity of the atmosphere along with an increase of the deposition of 
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glass particulates on the target in response to the humidity detection means. 

35. An apparatus for production of an optical fiber preform as set forth in claim 29 or 30, wherein it comprises 
provided a drive mechanism (70, 54, 55, 56, 57) which causes the target and the burner to traverse rel- 
atively in the longitudinal direction of the target and causes the target to rotate in a direction perpendicular 
to the longitudinal direction of the target 

36. An apparatus for production of an optica] fiber preform as set forth in claim 29 or 30, wherein it comprises 
provided a drive mechanism (70, 54, 55, 56, 57) which causes the target and the burner to traverse rel- 
atively in the longitudinal direction of the target and causes the target to rotate in a direction perpendicular 
to the longitudinal direction of the target and 

a means (63, 65) for ejecting to the target ions charged to an opposite polarity to the charging po- 
lanty of the particulates before blowing the charged particulars ejected from the burner (61) to the target 

37. An apparatus for the production of an optical fiber preform as set forth in claim 28, where there are pro- 
vided a means (68) for measuring the surface potential of the target and 

a means (69) for controlling the amount of ejection of ions In response to the measured surface 
potential. 

38. An apparatus for the production of an optical fiber preform as set forth in claim 29 or 30, where there are 
provided a means (68) for measuring the surface potential of the target and 

a means (69) for controlling the amount of feedstock gas introduced to the burner in response to 
the measured surface potential. 

39. An apparatus for the production of an optical fiber preform as set forth in claim 29 or 30, wherein there 
is provided a means (110, 105, 102) for increasing the amount of deposition of the particulates on the 
target at the ends of the target 

40. An apparatus for the production of an optical fiber preform as set forth in claim 39, wherein the means 
for increasing the amount of deposition has a means for increasing the amount of charging of the feed- 
stock gas introduced to the oxygen-hydrogen burner at the ends of the target 

41. An apparatus for the production of an optical fiber preform as set forth in claim 39, wherein the means 
for increasing the amount of deposition has a means for increasing the amount of supply of the hydrogen 
gas and oxygen gas at the ends of the target 

42. An apparatus for production of an optical fiber preform as set forth in claim 29 or 30, wherein there are 
provided a drive mechanism which causes the target and the burner to traverse relatively in the longitu- 
dinal direction of the target and causes the target to rotate in a direction perpendicular to the longitudinal 
direction of the target and 

a means (106) for making the charging of the feedstock gas in the burner alternately different po- 
larities in synchronization with the traverse motion, 

the particulates charged to alternately different polarities being blown on the target in synchroni- 
zation with the traverse motion. 

43. An apparatus for production of an optical fiber preform as set forth in claim 42, wherein the means (1 06) 
for making the polarities of the charging alternately different charges the glass particulates by charging 
to a positive polarity for a first predetermined time, not charging for a second predetermined time and 
charging to a negative polarity for a third predetermined time, the first to third predetermined times being 
cyclically repeated. * 

44. An apparatus for the production of an optical fiber preform as set forth in claim 42, wherein the means 
for making the polarities of the charging alternately different charges the particulates by charging to a 
positive polarity for a first predetermined time and charging to a negative polarity for a second predeter- 
mined tone, the first and second predetermined times being cyclically repeated. 

45. An apparatus for producing an optical fiber preform by the VAD method, comprising: 

a means (202, 205, 206) for charging a carrier gas (Ar) and depositing same on a target (204); and 
a means (207, 211, 210, 208) for adjusting an amount of the charged carrier gas in response to 
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the charge on the carrier gas to adjust a refractive index of a portion to form a seed rod. 

46. An apparatus for producing an optical fiber preform as set forth in claim 45, wherein said charging and 
depositing means includes a burner (203), an electrode (205) provided in the burner, and a high voltage 

5 power source (206) for applying a high DC voltage to the electrode, and 

said refractive index adjusting means includes an ammeter (207) for measuring a current passing 
through the electrode, and adjusts the amount of the carrier gas in response to a reading of the ammeter. 

47. An apparatus for the production of an optical fiber preform as set forth in claim 45 or 46, wherein the 
10 adjusting means adjusts the amount of said carrier gas to increase along with the passage of time. 

48. A apparatus for the production of an optical fiber preform as set fort h in any one of claims 45 to 47, wherein 
the adjusting means charges particulates including glass particulates when said particulates are ejected 
from a burner which introduces feedstock gas and ejects particulates to synthesize a soot body. 

15 49. An apparatus for producing an optical fiber preform as set forth in any one of claims 46 to 48, wherein 
said refractive index adjusting means adjusts the amount of the feedstock gas for forming the optical fiber 
preform in response to the detected current 

50. An apparatus for producing an optical fiber preform by the VAD method, comprising: 

20 a means (202/203, 205: 205' , 206:206') for changing a feedstock gas (SiCU, GeCJ 4 ) and/or a carrier 

gas (Ar), introduced in a burner(s) (202, 203), and depositing the feedstock gas and the carrier gas on a 
target (204); and 

a means (207:207', 216, 215, 210) for measuring a current flowing through particulates directing 
from a burner (202) into which the feedstock gas is introduce to the target, and adjusting a flow of the 
25 feedstock gas so that the current is maintained at a constant or at an approximately constant, to thereby 
adjust a refractive index of a portion to form a seed rod. 

51. An apparatus for producing an optical fiber preform as set forth in claim 50, wherein said charging and 
depositing means charges at least the carrier gas, and 

30 said refractive index adjusting means adjusts an amount of the carrier gas in response to the 

charge on the carrier gas to thereby adjust the refractive index of the portion to form the seed rod. 
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